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(54) SELF-RECOVERY MEMORY CONFIGURATION 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a memory 
system configuration for detecting and correcting plural 
errors on plural channels without requiring a complicated 
data correcting method and supporting hot swapping of a 
memory, where a fault occurs, as well. 
SOLUTION: This memory configuration is provided with a 
CPU bus electrically connected to a memory controller, 
the memory controller connected to a switching means 
and the switch electrically connected to plural memory 
modules. The plural memory modules include at least one 
memory module for data, at least one memory module 
for data correction and at least one hot spare module. 
The memory module for data, the memory module for 
error correction and the hot spare memory module are 
connected parallel. 
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[4$s*s?#<z>ea3 

fcCPUAXfc, 

U 

4> < t: t, i t' - ? tag;« y * y* i> * 

^ 7 ' * V * i? ^ - * c v 3 n a y * .j e 
[000 1] 

too 0 23 

V^f'Hy a -^ (KIT, TDIMMJ 4:1-4) Ofip 
HUHKSffih x r AfflSi/EUSSfiHotKMflS)^ > 9 7 

[0 0 0 3] At 'J->7f A©W*S:fiSih-r-5&«)K. 

-^&sersfc, lt 

(*&*fctt«») i:-#Lfcv>*£tt, 

[0 0 0 4] Ga5kinse>t:»Ti*S»S®5.463.643^ 

(iaskias£><Z>fl5j5fctt, - £3TiE"f"-&8t 

fe-^tf R AM B U S A * X x A ft CJfofpf -5 J: 5 



&ff<*ftTV*3» RAMBUSfb&trti. 1 6f -; 

[0 0 0 5] ^K»«4*ifctMk<D.**'»* 
J'a-jVfe^ftS <SB*JfrR AM B US^t 'J^fi? 1 0 

snfcx^e >j 1 /or >■ ^□-7l 1 o#^£hti> 

^. + l 2li. RAMBUS*fit-0;J$H 

f* -»-Cll0f|/C**Snfc««t«!)^ a -;n , 6 

a. 116b. -1 1 6 nC^St^c^snxi^o 
[0 0 0 6] Ga$kias?> £cfc o Tifi^fj tlTV^RAM 

Busit^tzje; yf&sfiaecj 1 it it, < * 

a >V^*M ^ •Jx5-6T)«iiJfl0»;cr)*(Jt^n-C*5'3, -t 

3 Gaskias<=>©«flR(iT-'— ? 1 5 — 05fjj>:jt 

^OXv-friESg^ttfKS^TJ&S. ^2^: 
*>fc. 4-otf0-7-'-^^r*^2 I 0 a~2 I 0 d 
fcJzi/l -p^v^; r<f^^2 1 Oe^'ti. Cask 

^^ffl»7 r D 5 /^Eg*5^5iT.Tl.>&. Caskins€.C9Sl£E 

a*— * + * ^, k«*— a ««[3»£D X v - fcrrin -j- 

±T' 2 ol^.hwx 9 - Sr-Kter S w k & X ? ?f t 
~C\^2j t flSJA»i, f+*^2 1 0aT-5c£*f (T^XcO 

fc U* J LJiA5C,. ft^**-^ *^l/J:-C2i03 
try hW«fttA&Lfc (gilxW, fa^2 10 a.iiX- 
1 ootr*, h»§3j?^t> ^i- ^^2 1 0 b±V 1 

[0 0 0 7] Gaskias£>co«j£jc*3l7a£<car'918l»i. 

igJn-f «»<?>~e, cnttBaskitca. c<DR3®tt, st* 
x ^ >; -5 > ^ >j ibis x -r u iz a v > t mm 
t tt%, < 

[000 8.] &tttefflsn*ffc«x7-t*ai:7-o-t-;< 

x-9-gjE*fc«x^-^i y j7fej;otxt7-rji£ 
3-F (WT, ECCfc^tS) T*5„ E 
CCIJ, CRC (SH7!:««k«) 7Jl/rf'J3.'2vfrS^!U 
TV>5). ECC 3- KJi. SSSSIt LtCRC= - KT'ib 
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-*->--y>x (-7*-* 7^-/UKro»4Bt3tt;SD3*ifc 

CRCtf* h*-£tr) *5CRC**s/*CJ:oTlS*aj 
Sn*J:?KS&fVf *. $&&tt7-9 >~ >r>^U C 
P. C*3g3:K«i: -> x& v & < Biiwnttitntf* <tv\ 
f-*- 9 >- y y * 0 c r c £«*ir «fc o T««n 

x^-aiifefcLTv^tsisraft*. 

C0OO93 

^©x^-rriET'D-feafcSfco, ECCa-KC* 

fc«*8t*v hx^-flJEfct^ECCx* yti, -fifctt 
ft„T. *4£fcJix8#tjre«fl*SrT.fc 
ikttfcix. ECC->X5=Ali$3fcfcjfcx? 

S^K^XrAfctfifcSit-tLSofcV^ri:?*, 

XrA*<o»g85tt*fig-ilUT. ^ a©»*»;& 
(inoucity: 4 3.,;:*,) *satictm4 

tOO I 0] ECC^AWJt^ T'o-fextt. -ft 
•J 5 a V tT a - * ^ 5=- a C fcVTffiji S HX V% 

v<b.aJts&Si: LfcV^-a-K & 

^hisyta-J-^f All, —feC A-K"»x 
7t^-3tM0f^ X£ K^Y^SrSUlz y >*3tr 
&ffix-r Xi'Kgri'-f (redundant array of ine 
ipensive disks) TftfefeRA I Di: LTE*D<3, 
<f 77 W S^STS. T K^-f ^Ji/ 5>fc 

0565 * fc « — B*&£ f^— * mmoa -r — 9 ®«7'o -fe X 

tOO 1.13 SfcfcORA I Di'XrACfc^-ni. r- 

*„ WXit.. 4 -/S/XxAlZfcUT, ho 
2e* MiglOA-iff^^ij^^jfcs,^ ^ 



2fcf* MiS2©7\~ Kf-'-r ^^A'^tfc^Jns, t 
V^^lrT^*. tvT, 4o«DK-5-f rii s r- v -f 
T'SriE^JC Lfcfc £ J; 9 4 -f ^ co r - • 

*x h y-Afcttfl-f*, T&b*,, loOK7^Ai 

%^<J)fu vi>*t<<X\± \ 0 0 0;<-r HS)Sc?)^i*-3lc 
t4:tii?^* t RA I D^^'Jtz J: 0. 'w u 
£ ftlt L T ftft ;* it £ «t 0 t> fi«f«:*«|^ _t l . .r ^ 

®«tt*5iV»Sf»<4 (fault-tolerance) 

tOO 1 2 3 itmt£r-?m\&7jft&z&# ffi 
v + *±©a[«i v-SC3»tr * S»jW?j: x 5 - 

tOO 1 33 

tSa««?&1--5rt:«>«>^&3 *^«««, j<*'j|aJ9<<o 
IfeCfteatS (self heal) U, i'Xf AO^tv »• V 

MtfcT*. y aw, raa'MA'jj , 
-oio. rn-^T-ft^s/ittSDRA.Mwt-:* h-t^-v 

C, D IMMCfeWiSDRAMPSiW, IJIMMJ*^ 

CO 0 1 4 3 *ft^<OSSIslS> * 'J»«B. SDR A 
M (SDRSfeliDDR) a> «t -5 «cil£?fjy ^ A: 
« RAMB U SO «* -5 JtciE^y^ ^ '.) KflSfcrtCffiWV <S 

x t, x;-f yfv^tstsnfc^tu -j> ii- 

^s;a.-*tt, aitfflf-i'y* y*s;a-^fc, » 
t E c c jt * y •>* a - ji^i: * !/ h x ^t->< * y Tt 

cD4;y hX9s» trv^^g^t^ri. 
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[0 0 151 tftU^UcJMjtt, *.yM^ 7 ^ 
y*^a-*t*tr. ECC DTMM*J:l/** 
^fc&fflT* SDRAM* *<j->;*5^li, S DRA 
M©RSS fc tt D I MM 3 * 9 * JSa fc f * . 

5. *80»4LfcDlMM*, 

('> W*T*ifctf*»*. toft, BftSnfcDIM 

CO 0 1 61 ftftfleftttftjrWMit, 
C00171 

im<D%%omm B3n. *a«hcj:« essoin 

* > * *ft 3 2 0 1 «ftttiz|»6 m^yano 

TV>*> 0 »&©j<^ij^ij 3.-^3 24(4, &F$L< 

CC>*yqE»;; a -^3 3 4k, n 
f*-*3 3 8k, ** lA*ft<Z>9« 

COO 1 8] 03C^.-Tl?JECD^fig-CH, f'-^y^y 
fc/jfctt, 1 4 4'fcfy hfflf-?yti;^ + ^ A , 34 o 

k, 3 6o^^y 3 _ Hi ft:jSrr seecgatDD 

^330fflC32©DDR DIMM, ECC**y* 
> >''-*3 34ffli:Bo©DIMM, J3Jttf4-D©DD 
R*-, M-<7D TMM33 84r«;tTUS. 1 4 4 If 
* +'**3 4 0Kltt. 1 2 8©^-**f„ 
6©ECCe y Kk^$n*. I44tfvhr-*K 
*3 4 0«. 4o©SJ/»o7 2 t-y F;^t^ > Hi 

ttsjsn*. #*x*aM >H4% an* 

Sh52o©ECCy*Uty a - A< 33 4 j ;> ! 00 

©tfffSLV^. ECC>i'J=6y i _jw3 3 4, J> 
^*346a-34 6dHfcUTl 6 c^-** 

COO 1 91 Tlifttf-^ t .,) f ^ 
A3 4 0tt, '>^<ktl-3»3Vs»*v^#R3 2 
0, »H<ttl : 2FETl3lg^ K ^ $nTfc 



^©1 4 4tv hA^t^ >Hr#«+*. 7 2 
HIDRAM^, 2o®144t^/^w> 
h®**#, 2oc««©7 2lf» + 

72^yMt'jty i -^33 0 3 34 3 3 8r 

CO 0.2 01 H3C3*TSS*©flM8fcj3Vvc. *y * y 
*t»*B t 2ECC D I MM©«fe«fcV3 6D I M 
M»«ST?*i3, ! 8<!>DIMMtJ»t>2ofl>;<x 

^«) ***LT^4. ***y***/n*. gOfflf 
IMMt, 2oo£CC DIMMk, I -j<o* 
f hx-*?7D IMMk, $r*L-CV%*. 6e->T. y^y 

-^V^tt, 9DIMMTJb5, Iftao. 4 -3© 

Wl«3 2GB, Sfcl*2GBOD IMMtflV^tfS 
4GB©ft*i&g*jd:tftf h^^TDIMMWr 

COO 2 I] B3C«T^E y*fit<i, ^-w t '^- 

r * gjg tz^iiS/jx r 4 » fc # -5. ^ v %> 

03C«?rD lMM©«fiE*5«fcu:&« N /\<f i^Ks,;* 

mm* 9 ~ ->\-o>m%. r- ? tmm<o* a _ 

$h5 ** tt « D I MMIi, x9-niE*JB©'>J!i<fc 
10 0 2j2l 04**. t?s UMRttOflMtoficiBft*. 

w ^ 3 c*r36*o»a6*it/h tfc/x 

«ECCfl>^rJa*»*»ttT«fc*CKJaT«-S*ftW 

-*3 38a. 338bk, «r*LT^5. H3ir^f 
*«5a)JB«ktt3>tl«lWfc. 9ffl®ccc«lO«t<, ft. 

<otz. ^*y$tRfc*stt5trv h A'T'-ysfcjjHcc 

»-*ftT^fflft;Sn-CV^ e (34 C3STS5*E<Z>®ffiT' 
tt» 5f*L<tt, #72tfs. h/^360a$fcU36 

>^ y*i f a.-^3 3 0<J!)l-3»cK§B«^/feL. 

cv»^4ius. si4c^-r§eig<!o^fi6T i w, 

'J^teT**. H4C.^-S Jg2iS©^®T'tt, «ffi2ocr> 
JV-k*«j6S»Tf*,5, 
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C0023J 041-^f^ig©®®^ ? -^ ?IJ 
***JW3 4 0»J. ^t'j3VhD-.,3H^, 0,g 
<ttl^«7-(-;fv^i3 2o < $FSb<ttFE 
T^Y »*-C**M«Hr FET^-fyf.3 20 

<±, •>< 6 ©e^«r#8UL1\ yt>J^|.a 

-7CiJW*o-r< x jfrSU^ffi© 

Tfc*. L*L&*<e,, ft#lfcfcSS&©^*8T? { ±, -X4 
Sfcttl : 4FETfc«yHT*sfcjji T4 $. FET© 

©»##&?- -s c t 5. 

C0 024J B4CwT»*U>*«©**TU\ #7 
2 f y hA^3 6 0 a $tH3 6 0 bK#U FET* 

too 2 53 If* LU3?iS©^©-ett 4 x<e<j*? a _ 
*3 2 4t*. JEDEC*8a*#S/s^fc«)li, 7 2tf y 
h (lOP R AM, #$C<liDIMMT-fc<5. L*»Ufc 

SEtil t £&*«r&g.x ^ 3 y y h LTi, «fc 

+ r&-,T*,«U>. fc, T , ^v^jgfc, RAS*?©ffll 

T^n-K^^V-K (hardwired) Jfttv^^ki) 

10026] fiFS L^3i«£©^jgTNi % **•;«*#©£. 

te/ssn*** *%lt^*. 4>u< 

ti>\ m?-9mEm**y* : ita-A,} S £ Z j!,j>tj. < 

CO 0 2 7] Xf-;«ffitt, «y*'j* + *;nr*fu 



tfs a»:<z>SSf »C <fc •'TftS x * 3 > h o - ■> 3 
1 4« x >*'JX7-l3^Lf---^fTjE%Jlttf 5EC 
Cni; y;? 342^tf„ ECCoi;^3 4 2a)3ift 

to 02 8] *n*cRc#0f*;fciiccy* 

xi-yuofti; li, X * «; »tf©-r- * ITIEgm:: J: -, 
"CfEftfft. ff*LV»ECC©*STtt. SDRAM4 
^W*C<k*x^-$.fTiE-f *fctf>tz 1 6©ECCf 

fTIE<D*t*Mf-5-3fcfr*. 

C0029] Eiair^-r^w^iSc^vvT. #v*>j 
ft*A-346a-346dB, * y h *<s*7y * t- 
5>*-;V3 3 84*LTH*. > * U SPttK * „ 
TmTirktimwc, #Mta~r< 'jf 
-f T'a^AA^SJiSo DRAM&#£ft#D ; m 

3 1 4*«*y h x-<7D IMM±irr-5'5'^»^-r 
S. f-?tf5- Hirf^^y (.©l^li, ] : 8 
'Cfc**', S-'Xt'/.K fttt&TCSD I MM#fD 1 MM© 
»»©lPJ#t:*9<£«83ns. *-v h x^ri> I MM 
tt, iKt<i:ti**©D I MMfc|S|g£jr*:$ < fcwn 

*VDRAMm**LTW6. 

■ tOO 3,03 >XfAi^ »a®ytu-ttfit*»i' 

y * »J ^ p -^©^&©x - ti?.E#{£/fH>-wj 

©^^fifei«J^.i: LT U * h ^ ^<t y V -fc =J .a - a- 
CO 0 3 1 J 06A'6B7«i, e,fE)&;>< * 'J 

IIiE°I|g^ A- p 1 7 - 4 a i/ M a _ ^ y ^ y A 

CO 0 3 23 BI5!*. y*'Ji5-i(Slfl)yi'H>- 
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fc. &l©^*y ; e-;?a-/V3 3 0af.:*SV\TI&*:#tt 
fc««T«Stt7r4fcry hx5-#55;*nTUS. 4e 

[0033] H6tt, H3*i.VB4C*r«MHrS#L 

TSk. fc6P3 8 0tt, ?-*y%»j*0*.-*3 8o 
a^e>*^7>*<;*;;a-*3 3 8 a-N<Dr-*©8 

; E'.'*s>*-/u3 3 8a»;:|Ei£3ft.a„ M«j:v]m 
^^A-338at0^i:»LT?Tbh6. *flJ3 8 

[0034] 071*, Hloy^iHya-M,^ 
7 J* « «J * S?.a. - ^0if>~ 9 n&tox £ U&m&W % 
7v?&0>> B3fcJ:V04i:St«S!t*$t»l/^ 
^>?as:st. B7*#RaTSi:, Ultftt*y ha 

Sft*-!fT&»>, *V**1 <DM ty**/*-/^ 30 

a»i2^7>^ V*S>»-/Ui;fc&. 

C o o 3 5] * v v x ^t* =e y * i> -^c?*- ? * 

v^^^mactCJ:*) ^ft<Z>D 
RAM*=rr*DIMM*fcail,fc&©. 7K^Jt 
lii«©A<-f^ y*'»ij:0) „ *,/ hX^Tf-* y 

[0 0 36] CPU. >t';3no-5$fttt 



4 * - * C W»§B7' o -t * * k 
ttffLTV**. frfc, DIMMA'f>DIMM^Ofe(IX* 

> a ZTjEztxtzr- ? ttT* 

[0037] x7-iriE^tt. R3i$tiii&-r 

V7M?-4t»tLfc||^ *&0)D IMMtWL. 

C /77')h4n5SWtLt7-;T{.) £ i* 
■e*fc»n»*57xv\, -tit, mztc* v hz^rn 
I MMWt>;»«rti:7,rg} l 5 ifcc j ;9( ^ A 

SKO«j8#fcD I MMttKttfft-refcfcKD I MM 

r0038] a3CfcV>T. ->^fA«iJf5|! 

fr+-C*<&B$»i, f ROf-f ^ t 'J f y a - , 
h^7?77->hTSA>SfeltlfiffltJ:^l:UtJ; 

ftl&<^£D.IMM) 7 franco 
^tftfSfU^, V-ACiotB, /t*»-y>*r 

[0039] ffft L^XtgefflB-Ott, *ae9fi!)*«0 

W7<K7^tytJ>a — ;i/*5st&S? t t t h. 2>„ 
^7y«'H^a- A-l*, X * y UJfiS c *3V ^ # - 

KB. *f h^-<7>t'J tJ^i— /Hi J: -a XS 
fSn53?>'KJi<):i;7KI/^/Uis -f— 

BS|)Er^7:^-5c:i:*».J<mTfeS 0 itil*. -|»li, v" 

- * =es>a -/u$ fc» E c c * =6 y * a -/h: fcUT 
^«*a«?sH!tv^fctf>T?fes. fjiE^rte<£/\- ki5- 

r * * y * y » - /ix-tj- m »* . of $ t < id ^ * y .i 
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tO 0 4 0) W^SgrDtr^^tTft^*^^ 
^°-nS4U) ft* ^^rDIMMC|B«.f 

ton. f*rA«j&*tt. Slj/,^<_^ HH^T 

10 0 4 1] ^WOlo©^©^^^ y 

7 (juggler) 7WJXAAigffl $h 5, 

7j T,l,=f.JXAU, lE?tJg*©-fe„ hfcaSKS;^ 

^KJS^AfflffiSffi (juggler) KflfiT*^-? 

tt*nrv^. dimm?-^i 1x iE?ff*->x-7-A^ 

VTj ?WlMMm, ^^7DIMMi:»,|: 

H D I MMSr 1 6 \£y ^ d I MM* ^c-^TBfc-r* 

I004 2]DIMMCi3»5DDR DRAM*^ 
SfcttD JMM3*:5>*afl; (^_ #tr 

I/O. CPUfc.kif^ytf:/;,*^©.,^ y ^ 

yey?izMimm<tztiTz*-j^ 4 ) ras©^-*- 



CO 0 43 J *£iU)©,<* U«/Sf3;fcl>T. JEDKC 
DDR DlMMtbmzWtlSLTZX?iz. x 4 *J:V 
x8SDRAMl;Jtt l SSMHzCD/giS&T.-i^-fff 
S&g^fc*. DDR^lo 0WH z Tfcffl 
nfarWt^ynoA-^ h*?lff$S{i. 3. 2GB 
/8>T&>?, 13 3MHzffl^li4. 2GB/§ffe 

^5>A^ 3. 208/^-^^.3.4 
©SJ^TM 00MHz4x C PUAxtft|;^ 5n4 

coo 4 43 »a u^*<&#* T tt> -. 5 

/v-Kx?- tt . 7kesW^PStStf5r2i-r. r© 

cto. .*» h*-«7_fc©x-*© rwnasj ^687* 

CO 0 4 5) ^/W^^^Sia^^-^^g^^^.^ 

1- 1*, h 3 omm izm r r- 9 * * y * v 3 - /Hi r ^ 
L*wn«3i 4 vn. ^ij 3>ho ... d5 ^. /tf 

« > t 'J 7 K \,X Z&m Z . 

^tt»*4 _ VT ^„ ? ^ <j ^ _ jutt ,. 

^ v -;uttSj&* ^ ^ f ^©tg/»;c iOECCf-? 
CO 0 4 91 5^Sii* 

^ - > i ») -i 
*c&a@ft*»»i. #ECC DIMMMffil, EC 

** h5 *^ rnttt®<g2 0<Z)D f MMA^ST* 
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M*tt, *9h^7mT] : 4Tfti. RAID 

CO 0 4 7] 7 , -ya»7U^#DIMMC7h?^r 
3*16*:, j'-T't = 77H&»$fcttl A-f h 

*9=7V i/a Stii; fctc< D [ MMSrlfcBjK 'fc^x 

-M-W (Read-Hodify-irite) tffrfcn*. 
[0048] ^(D/tVi.^-^L 
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